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(57) Abstract: A communication network comprising at least one first terminal, at least one second terminal, a plurality of links, 
and at least first and second nodes. The first node comprises a plurality of communication paths, coupled at a first end thereof to at 
least one corresponding first link. Second ends of the communication paths are all coupled to the second link, through a multiplexing 
device, and route signals between the first and second links. The first node also comprises one alternate communication path having 
a first end coupled through the multiplexing device to the second link, one switch that is coupled to the alternate communication path, 
and a detector for detecting a failure in one of the communication paths. A controller is coupled to the detector and the switch. Being 
responsive to detecting a failure in one of the communication paths controlling the switch to couple the alternate communication 
path to a corresponding first link. 
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1:N PROTECTION IN AN OPTICAL TEPMINAL 

5 FIELD OF THE INVENTION: 

This invention relates generally to optical 
communications networks, and, in particular, to an 
apparatus for providing 1:N ("one-to-N") protection in 
an optical terminal of a Wavelength-Division Multiplexed 
10 (WDM) multi-channel optical communications network. 

BACKGROUND OF THE INVENTION: 

It is known to provide protection in optical 
networks against line failures, node failures, and the 
like, by equipping such networks with bypass equipment 

15 for bypassing failed components and routing signals to 
their intended destinations. An example of a prior art 
network that includes bypass equipment is depicted in 
Fig. 1. The network includes optical line terminals 
(OLTs) , or nodes, 100 and 200, and a plurality of 

20 terminals 100-1 to 100-n, 200-1 to 200-n. The nodes 100 
and 200 are bidirect ionally coupled to one another 
through a bidirectional transmission link (L) . 

The node 100 comprises a plurality of 
bidirectional communication paths P-l to P-n and P-l' to 

25 P-n' that are interposed between an interface (I') and 
a WDM multiplexer/demultiplexer (MUX/DEMUX) 106 of the 
node 100. Bidirectional transponders 102-1 to 102-n are 
included in the communication paths P-l to P-n, 
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respectively, and bidirectional transponders 104-1 to 
104-n are included in the communication paths P-l ' to P- 
n 1 , respectively, of node 100. Although not shown in 
Fig. 1, the node 2 00 is assumed to include components 
5 which mirror those of node 100. 

Bidirectional links L100-1 to LlOO-n couple an 
interface IF1 of each of the terminals 100-1 to 100-n, 
respectively, to node interface (I 1 ), and bidirectional 
links L200-1 to L200-n couple interface IF1 of each of 

10 the terminals 200-1 to 200-n, respectively, to the node 
200. Similarly, bidirectional links BL100-1 to BLIOO-n 
couple an interface IF2 of each of the terminals 100-1 
to 100-n, respectively, to the interface (I 1 ) of node 
100, and bidirectional links BL200-1 to BL200-n couple 

15 interface IF2 of the terminals 200-1 to 200-n, 
respectively, to the node 2 00. 

Each of the terminals 100-1 to 100-n and 200-1 
to 200-n normally transceives signals through the 
interface IF1 of that terminal, and transceives signals 

20 through the other interface IF2 only in cases where the 
interface IF1 and/or the link coupled thereto is 
inactive. Accordingly, the interface IF1 is known to 
persons skilled in the art as a "working" interface, and 
the links L100-1 to LlOO-n and L200-1 to L200-n coupled 

25 thereto are known as "working" links. Also, the 
. interface IF2 is known in the art as a "protection" 
interface, the links BL100-1 to BLIOO-n and BL200-1 to 
BL200-n are known as "protection" links, and the 
transponders 104-1 to 104-n are known as "protection" 

3 0 transponders. Moreover, the terminals 100-1 to 100-n 
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and 200-1 to 200 -n are known as "protected" terminals, 
since they include the protection interface IF2, whereas 
terminals that do not include a protection interface IF2 
are known as "unprotectsd" terminals. 
5 The so-called protected terminals operate in 

the following manner. In the event that a failure 
occurs in the interface IF1 of a terminal 100-1 to 100- 
n, 200-1 to 200-n, and/or in a link or communication 
path coupled to that interface, the terminal recognizes 

10 the occurrence of the failure and discontinues 
transceiving signals through the interface 1F1 . 
Assuming that the terminal also recognizes that the 
protection link coupled thereto is active, the terminal 
resumes transceiving the signals over that protection 

15 link through the protection interface IF2 . As a result, 
the failed component is bypassed, and the signals are 
communicated through the various protection components 
of the network. 

Unfortunately, the above -described network has 

2 0 drawbacks in that it requires the use of many protection 

components (e.g., transponders 104-1 to 104-n) in the 
r.odes-' 1CV0- and- 2-G0r^ -tiiose nede»- ■!•«>•■' wid^A©^ -■■ a*»e 
generally expensive. Also, the above -described network 
does not provide any failure protection for unprotected 
25 terminals (not shown) that may be included in the 
network. Accordingly, it would be desirable to provide 
a network which overcomes the above -described drawbacks, 
and which provides protection against network component 
failures for both protected terminals and unprotected 

3 0 terminals. It would also be desirable 
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to provide an optical line terminal chat is less 
expensive than those of the prior art network described 
above . 



NUMMARY OF THE .. INVENTION 
5 It is a first object of this invention to 

provide a network which provides protection against 
network component failures for both protected and 
unprotected terminals . 

It is a another object of this invention to 
10 provide an improved optical line terminal for a network, 
wherein the optical line terminal protects against 
network component failures. 

It is a further object of this invention to 
provide l:N protection in an optical line terminal that 
15 is less expensive than prior art line terminals. 

Further objects and advantages of this 
invention will become apparent from a consideration of 
the drawings and ensuing description. 

The foregoing and other problems are overcome 
2 0 and the objects of the invention are realized by a 
method*.-. £o»r-.- profceet ing-- against-- •componenrb fc --fsri lures ■irv-ar* 
optical communi cat ions network, and an optical 
communications network that operates in accordance with 
the method- In accordance with one embodiment of the 
2 5 invention, the communi cat: ions network comprises at least 
one first terminal / at least one second terminal, a 
plurality of links, and at least a first line node (also 
referred to as an "optical line terminal") . The first 
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line node is bidirectionally coupled to the first 
terminal through at least a first one of the links, and 
is also bidirectionally coupled to a second terminal 
through at least a second one of the links* The network 
5 is preferably a Wavelength-Division Multiplexed (WDM) 
multi-channel optical network. 

Preferably , the first line node comprises a 
plurality of first communication paths, each of which 
has a first end and a second end. The first end of each 

10 first communication path is coupled to a corresponding 
first link, and a second end of each first communication 
path is coupled through a multiplexing device to the 
second link. Each of the first communication paths 
routes signals, received by the first line node, between 

15 a respective first link and the second link. 

In accordance with an aspect of this 
invention, the first line node also preferably comprises 
(a) at least one first alternate communication path 
having a first end coupled to the at least one second 

2 0 link through the multiplexing device, (b) at least one 
first switch that is coupled to a second end of the 
first alternate communication path, and (c) a first 
detector. The first detector monitors the first 
communication paths for an occurrence of a failure in at 

2 5 least one of those paths. A first controller is coupled 
to the first detector and the first switch. The first 
controller is responsive to receiving information from 
the first detector indicating that a failure has been 
detected in at least one of the first communication 

30 paths for controlling the first switch to couple the 
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first alternate communication path to a corresponding 
one of the first links, thereby enabling a signal to be 
routed between that first link and the second link 
through the first alternate communication path. As a 
5 result , the failed communication path is bypassed and 
the signal is forwarded towards its intended 
destination. 

In accordance with one embodiment of this 
invention, protection against network component failures 

10 is provided for "unprotected" terminals, and the first 
line node is equipped with one or more splitters. Each 
splitter has an input and a first output that are both 
coupled in a respective one of the first communication 
paths. Each splitter splits signals applied to its 

15 input terminal into corresponding signal portions, and 
outputs resulting first and second signal portions 
through the first output and a second splitter output, 
respectively. In this embodiment, the first controller 
responds to receiving the information from the first 

20 detector by controlling the first switch to couple the 
second output of the splitter from the failed path to 
the second link, through the alternate communication 
path. 

Also in accordance with this embodiment of the 

2 5 invention, the communication network further comprises 

at least one second line node that is interposed between 
the second link and the second terminal. The first and 
second line nodes are preferably coupled together 
through the second link, and the second line node is 

3 0 coupled to the second terminal through at least one 
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third link. The second line node preferably comprises 
a plurality of second communication paths, each of which 
has a first end and a second end- The first ends of the 
second communication paths are coupled to the second 
5 link through a demultiplexing device, and the second end 
of each second communication path is coupled to a 
corresponding third link, for providing a communication 
route between the second and third links. Eacn of the 
second communication paths is coupled to a corresponding 
10 one of the first communication paths through the second 
link. 

The second line node preferably also comprises 
(a) at least one second alternate communication path 
having a first end that is coupled to the second link, 

15 (b) at least one second switch that is coupled to a 
second end of the second alternate communication path, 
and (c) a second detector for detecting a failure in at 
least one of the second communication paths. A second 
controller of the second line node is preferably coupled 

20 to the second detector and the second switch. The 
second controller is responsive to the second detector 
outputting information indicating that a failure has 
been detected in at least one of the second 
communication paths for controlling the second switch to 

2 5 couple the second alternate communication path to a 
corresponding third link, thereby enabling a signal to 
be routed between the second link and that third link 
through the second alternate communication path. 

Preferably, the first and second detectors 

30 detect failures in the first and second communication 
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paths, respectively, by detecting a loss of light in 
those respective paths. 

In accordance with another embodiment of the 
invention, at least one of the first and second 
5 controllers also responds to receiving the information 
from the first and second detector, respectively, by 
notifying the other controller of the failure detected 
by that detector. The other controller then responds by 
implementing the above-described switching operation in 

10 its respective line node. 

According to one embodiment of the invention, 
a transponder is included in each of the first and 
second communication paths, and a transponder is 
included in each of the first and second alternate 

15 communication paths. The first and second controllers 
also respond to a detection of a failure by the first 
and second detector, respectively, by disabling the 
transponder included in the failed path. 

In accordance with still another embodiment of 

20 this invention, a line node for providing 1:N protection 
for "protected" terminals is provided. In this 
embodiment the line node is coupled to 1) each of a 
plurality of first terminals through both a first link 
and a second link, and 2) at least one second terminal 

25 through at least one third link. Preferably, the line 
node comprises a plurality of communication paths for 
routing signals being communicated between the first 
terminals and the at least one second terminal. Each 
communication path has a first end coupled to a 

3 0 respective one of the first links and a second end 
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coupled to the at least one third link. The line node 
preferably also comprises at least one switch having a 
plurality of first terminals and a second terminal. 
Each of the first terminals of the switch is coupled to 
5 a respective one of the second links, and the second 
terminal of the switch is coupled to the at least one 
third link. 

A detector of the line node monitors for a 
failure in at least one of the line node communication 

10 paths, and provides an output to a controller of the 
line node in response to detecting a failure in the at 
least one path. The controller responds to receiving 
the detector output by controlling the switch to couple 
a corresponding one of the second links to the at least 

15 one third link, thereby providing an alternate route 
through those links. Also, the protected first terminal 
which is coupled to the failed communication path 
(through a corresponding first link) discontinues 
transceiving signals through its "working" interface, 

20 and resumes transceiving the signals through a 
"protection" interface of the terminal. As a result, 
communications between the protected first terminal and 
the at least one second terminal resume through the 
established alternate route. 

25 In accordance with a further embodiment of 

this invention, a communications network is provided 
which includes both of the types of line nodes described 
above, and which provides network failure protection for 
both unprotected and protected terminals. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above set forth and other features of the 
invention are made more apparent in the ensuing Detailed 
Description of the Preferred Embodiments when read in 
5 conjunction with the attached drawings, wherein: 

Fig. 1 shows a block diagram of an optical 
line terminal (OLT) , or node, that is constructed in 
accordance with the prior art, and which is optically 
coupled to a plurality of terminals; 
10 Fig. 2, consisting of Figs. 2a and 2b, shows 

an optical communications network that includes 
terminals and nodes constructed and operated in 
accordance with an embodiment of this invention; 

Fig. 3 shows an optical communications network 
15 that includes terminals and nodes constructed and 
operated in accordance with another embodiment of this 
invention; 

Figs. 4a and 4b are a logical flow diagram 
depicting a method in accordance with one embodiment of 
2 0 this invention; 

Figs. 5a and 5b are a logical flow diagram 
depicting a method in accordance with another embodiment 
of this invention; and 

Fig. 6 shows an optical communications network 
2 5 that includes terminals and nodes constructed and 
operated in accordance with a further embodiment of this 
invention. 

Identical portions of the various figures have 
been identified with the same reference numerals in 
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order to simplify the description of the present 
invention. Components having similar purposes have been 
designated using the same reference numerals with a 
prime, double prime, or triple prime added. 



5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 2a and 2b illustrate a block diagram of 
a plurality of nodes (also referred to as optical line 
terminals (OLTs) ) 1 and 2 and terminals 10-1 to 10-n and 
10-1' to 10-n f of an optical communications network that 

10 is suitable for practicing this invention. The network 
is depicted as a point-to-point communications network, 
although the invention is not limited to being employed 
only in such networks. For example, the invention may 
also be implemented in a mesh or point-to-multipoint 

15 (chain) communications network. 

The nodes 1 and 2 are coupled together via 
transmission links LI, L2 , and L3 , each of which may 
include, for example, one or more optical fibers (e.g., 
two unidirectional fibers) . In other embodiments of the 

20 invention, two or all three of the communication links 
LI, L2, and L3 may be combined into a single fiber link. 
The terminals 10-1 to 10-n are bidirectionally coupled 
to an interface II of the node 1 via "working" 
communication links L10-1 to LlO-n, respectively, and 

25 the terminals 10-1 1 to 10-n 1 are bidirectionally coupled 
to an interface 12 of the node 2 via "working" 
communication links L10-1' to L10-n f , respectively. 

The terminals 10-1 to 10-n are assumed to have 
a capability for receiving signals (e.g., optical 
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signals) from and transmitting signals to the node 1 by 
way of the links L10-1 to LlO-n, respectively, and the 
terminals 10-1 1 to 10-n' are assumed to have a 
capability for receiving signals (e.g., optical signals) 
5 from and transmitting signals to the node 2 by way of 
the links L10-1' to LlO-n', respectively. Each terminal 
10-1 to 10-n and 10-1 • to 10-n'. is also assumed to lack 
the capability and/or interface equipment for 
automatically switching to backup or "protection" links 

10 in the event of a failure in one or more of the 
respective links L10-1 to LlO-n and L10-1' to LlO-n', 
and/ or in the network communication paths coupled to 
those links. As was previously described, such 
terminals are known to those having skill in the art as 

15 "unprotected" terminals. 

Each individual terminal 10-1 to 10-n and 10- 
!• to 10-n* may be, for example, a node operating in 
accordance with the Asynchronous Transfer Mode (ATM) or 
the Internet Protocol (IP) (e.g., an ATM switch or IP 

2 0 router) , or a node of the Synchronous Optical Network 
(SONET) . It should be noted, however, that the present 
invention, broadly construed, is not limited to any one 
particular type of communication protocol, standard, or 
network • 

25 The node 1 preferably comprises a plurality of 

"working" communication paths CPl-CPn (channels) 
interposed between the interface II and a multiplexer 16 
of the node 1, and another plurality of "working" 
communication paths CPl'-CPn 1 interposed between the 

30 interface II and a demultiplexer 18 of the node 1. 
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Preferably, splitters 12-1 to 12-n and transponders 
(e.g., port cards) 14-1 to 14-n are included in the 
communication paths CPl-CPn, respectively. As shown in 
Fig. 2a , an input IP1 and an output OP1 of the 
5 individual splitters 14-1 to 14-n are both coupled in 
the respective paths CPl-CPn. The communication paths 
CPl'-CPn 1 of Fig. 2b preferably include transponders 15- 
1 to 15-n, respectively, and switches 22-1 to 22-n, 
respectively, although in other embodiments the 

10 transponders 15-1 to 15-n need not be included in those 
paths CPl'-CPn 1 . Each switch 22-1 to 22-n has an input 
IPl" that is coupled at an end of a respective one of 
the paths CPl'-CPn', and an output 0P1" that is coupled 
to a respective one of the terminals 10-1 to 10-n 

15 through a respective link L10-1 to LlO-n. 

The node 2 also preferably comprises a 
plurality of "working" communication paths CPl"-CPn" 
(channels) interposed between a demultiplexer 18' and 
the interface 12 of the node 2 (Fig. 2a) , and another 

20 plurality of "working" communication paths CPl ff, -CPn MI 
interposed between a multiplexer 16' and the interface 
12 of the node 2 (Fig. 2b) . The communication paths 
CPl"-CPn" preferably include transponders 14-1 • to 14- 
n 1 , respectively, and switches 22-1 • to 22-n f , 

25 respectively, although in other embodiments the 
transponders 14-1 • to 14-n f need not be included in 
those paths CPl"-CPn". Each switch 22-1 1 to 22-n 1 has 
an input IPl 1 " that is coupled at an end of a respective 
one of the paths CPl"-CPn", and an output OPl ,M that is 

30 coupled to a respective one of the terminals 10-1 • to 
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10-n 1 through a respective link L10-1 1 to LlO-n 1 . 
Preferably, splitters 12-1 1 to 12-n' and transponders 
(e.g., port cards) 15-1' to 15-n 1 are included in the 
communication paths CP1 1 "-CPn ' , respectively, wherein 
5 an input IPl" and an output OP1 • of the individual 
splitters 15-1 1 to 15-n' is coupled in the respective 
paths CP1- » "CPn ■ 11 , as shown in Fig. 2b. 

In accordance with an aspect of this 
invention, the nodes 1 and 2 comprise protection modules 

10 la and 2a, respectively, that are employed to provide 
backup (i.e., "protection") communication paths for 
routing signals between the terminals 10-1 to 10-n and 
10-1 • to 10-n 1 in the event that a failure occurs in a 
"working" communication path CPl-CPn, CPl'-CPn', CPl"- 

15 CPn", CP1 • "-CPn 1 M , as will be described further below. 
In accordance with a presently preferred embodiment of 
the invention, the protection module la comprises the 
splitters 12-1 to 12-n, the switches 22-1 to 22-n (Fig. 
2b), IxN optical switches 13 and 25, "protection" 

20 transponders 17 and 19, a local controller 3, and a 
monitor block 4. Similarly, the protection module 2a 
preferably comprises the splitters 12-1 1 to 12-n' (Fig. 
2b), the optical switches 22-1' to 22-n f , IxN optical 
switches 13 1 and 25 1 , "protection" transponders 17 • and 

25 19', a local controller 3 1 , and a monitor block 4'. 

Preferably, the switches 22-1 to 22-n and 22- 
1* to 22-n 1 are each 1X2 optical switches, although in 
other embodiments, optical splitters may be employed in 
lieu of those switches, and/or other suitable types of 

3 0 multiple position switches may be employed in place of 
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two or more of the 1x2 switches. Also, in other 
embodiments the multiplexer 16 and demultiplexer 18 of 
node 1 may be embodied as a single 
multiplexer/demultiplexer (MUX/DEMUX) , and the 
5 multiplexer 16' and demultiplexer 18' of node 2 also may 
be embodied as a single MUX/DEMUX, rather than as 
separate devices as depicted in Figs. 2a and 2b, and 
each transponder 14-1 to 14-n, 14-1 • to 14-n', in 
combination with a corresponding one of the transponders 

10 15-1 to 15-n, 15-1 1 to 15-n', may represent a portion of 
a bidirectional transponder. Preferably, the 

multiplexers 16 and 16' and demultiplexers 18 and 18' 
are Wavelength-Division Multiplex (WDM) devices. 

The manner in which the various components of 

15 the nodes 1 and 2 operate will now be described, 
beginning with those depicted in Fig. 2a. The monitor 
blocks 4 and 4' monitor the communication paths CPl-CPn, 
CPl'-CPn' and CPl ,l -CPn" , CPl 1 "-CPn 1 " , respectively, for 
the presence or absence of light in those paths, and 

20 notify the respective controllers 3 and 3 1 of whether or 
not light has been detected in those paths. A detection 
revealing that light is absent in a communication path 
is indicative of a failure in the path or a failure in 
a path coupled thereto. For example, light may be 

25 absent in the communication path as a result of a 
failure of a corresponding transponder 14-1 to 14-n, 14- 
1» to 14-n 1 , 15-1 to 15-n, 15-1 f to 15-n f . Light also 
may be absent in a communication path as a result of 
other failure-causing events, such as, for example, a 

30 transceiver and/or "working" interface failure in a 



WO 01/45312 



PCT/US00/33899 



corresponding terminal 10-1 to 10-n and 10-1 1 to 10-n 1 , 
a failure of a link L10-1 to LlO-n and L10-1' to LlO-n', 
a failure of a node fiber disconnect or optical 
amplifier (not shown) , etc. The present embodiment of 
5 the invention protects primarily against failures 
occurring in 1) portions of the communication paths CP1- 
CPn interposed between the splitters 12-1 to 12-n and 
multiplexer 16 , 2) portions of the communication paths 
CPl'-CPn 1 interposed between the switches 22-1 to 2 2-n 

10 and demultiplexer 18, 3) portions of the communication 
paths CPl H -CPn" interposed between the demultiplexer 18' 
and the switches 22-1 1 to 22-n f , and 4) portions of the 
communication paths CP1 1 "-CPn ' " interposed between the 
multiplexer 16 * and the splitters 12-1' to 12-n 1 , 

15 respectively. 

The monitor blocks 4 and 4 ' each may be 
embodied as one or more optical sensors, such as a 
photodiode, although, for convenience, only the two 
monitor blocks 4 and 4 1 are shown in Fig. 2a. In an 

20 exemplary embodiment, each communication path CPl-CPn, 
CPl'-CPn 1 , CPl ,, -CPn" , and CPl^'-CPn 1 " may have its own 
dedicated optical sensor (s) for detecting the presence 
or absence of light in the path. For example, the 
sensors may be integral parts of the transponders 14-1 

25 to 14-n, 15-1 to 15-n, 14-1' to 14-n 1 , and 15-1' to 15- 
n 1 in the respective paths CPl-CPn, CPl'-CPn', CP1"- 
CPn", and CP1 1 M -CPn f " , or may be tapped into a selected 
point in the paths adjacent to the transponders 
(although this also is not shown for convenience) . 

30 The controllers 3 and 3 1 function to 
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coordinate the exchange of signals between the nodes l 
and 2 and the exchange of signals between the nodes 1 
and 2 and the terminals 10-1 to 10-n and 10-1 1 and 10- 
n', respectively, in the event that a failure is 
5 detected in a communication path by a monitor block 4 or 
4 ■ . The controllers 3 and 3 1 are coupled to the 
switches 13 and 13* , respectively, and, although not 
shown in Figs. 2a and 2b, are also coupled to the 
switches 25, 22-1 to 22-n and 25', 22-l f to 22-n', 

10 respectively. The controllers 3 and 3' control the 
configurations (i.e., positions) of those respective 
switches in response to receiving either a failure 
notification signal from monitor block 4 or 4*, 
respectively, or a failure notification signal from the 

15 other controller. The controllers 3 and 3 1 are 
bidirectionally coupled together through communication 
link L3, for communicating with one another (e.g., over 
an optical supervisory channel) . The manner in which 
the controllers 3 and 3 1 control the various switches 

20 13, 13', 25, 25 1 , 22-1 to 22-n, and 22-1 1 to 22-n' to 
coordinate signal exchanges within the network in the 
event that a failure is detected will be described 
below. 

The splitters 12-1 to 12-n of node 1 are 
25 preferably passive splitters, and split signals received 
from the respective terminals 10-1 to 10-n (over 
respective links L10-1 to LlO-n) into two corresponding 
signal portions, one of which is forwarded through 
splitter output OP1 to a corresponding transponder 14-1 
30 to 14n, and the other of which is forwarded through 
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splitter output OP2 to a corresponding input of the 
switch 13, In response to receiving a signal portion 
from a corresponding splitter 12-1 to 12-n, each 
transponder 14-1 to 14-n operates in a known manner for 
5 outputting to the multiplexer 16 a corresponding signal 
having a predetermined one of a plurality of available 
wavelengths. Similarly, the transponder 17 responds to 
receiving a signal output from the switch 13 by 
outputting a corresponding signal having a predetermined 

10 wavelength to the multiplexer 16. 

As was previously described, the multiplexer 
16 is preferably a WDM multiplexer, and operates in a 
known manner for coupling different wavelength signals 
received from the respective transponders 14-1 to 14-n 

15 and 17 onto the transmission link LI for transmission to 
the node 2. Within the node 2, signals received from 
the transmission link LI are applied to the 
demultiplexer 18', which, in turn, demultiplexes the 
received signals and outputs corresponding signals, each 

2 0 having a predetermined wavelength, to corresponding ones 

of the transponders 14-1 1 to 14-n' and 17'. The 
transponders 14-1 • to 14-n 1 and 17' operate in a similar 
manner as the transponders 14-1 to 14-n and 17 of node 
1 described above, and each respond to receiving a 
25 signal from the demultiplexer 18 1 by outputting a signal 
having a corresponding predetermined wavelength to the 
switches 22-1 1 to 22-n 1 and 13', respectively. 

Having described the various components of the 
nodes 1 and 2 depicted in Fig. 2a, the components of 

3 0 those nodes shown in Fig. 2b will now be described. The 
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node components depicted in Fig. 2b are employed for 
forwarding communications originating from the terminals 
10-1 1 to 10-n 1 to corresponding ones of the terminals 
10-1 to 10-n. Referring to both Figs. 2a and 2b, output 
5 links of the terminals 10-1 1 to 10-n' are coupled 
(through connectors A-l f to A-n', respectively) to the 
input IP1 1 of respective ones of the splitters 12-1 1 to 
12-n' (Fig. 2b). Like the splitters 12-1 to 12-n of 
node 1, the splitters 12-1 • to 12-n 1 of node 2 are 

10 preferably passive splitters, and each split received 
signals into two corresponding portions, one of which is 
forwarded through splitter output OP1 1 to a 
corresponding transponder 15-1 • to 15-n', and the other 
of which is forwarded through splitter output 0P2 1 to a 

15 corresponding input of the switch 25'. 

Each of the transponders 15-1 1 to 15-n 1 and 
19 • is responsive to receiving a signal for outputting 
a corresponding signal having a predetermined wavelength 
to the multiplexer 16', which, in turn, multiplexes 

20 those output signals onto the transmission link L2 for 
transmission to the node 1. The demultiplexer 18 of 
node 1 operates in a similar manner as the demultiplexer 
18 1 described above, and demultiplexes signals received 
from the transmission link L2 and outputs signals, each 

2 5 having a predetermined wavelength, to corresponding ones 

of the transponders 15-1 to 15-n and 19. Each 
transponder 15-1 to 15-n and 19 responds to receiving a 
respective one of those signals by outputting a signal 
having a corresponding predetermined wavelength to a 

3 0 corresponding one of the switches 22-1 to 2 2-n and 25. 
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Referring to the flow diagram of Figs, 4a and 
4b, a method in accordance with an embodiment of this 
invention will now be described. At block Al, the 
method is started, and it is assumed that the nodes 1 
5 and 2 are operating in a normal operating mode wherein 
all of the node communication paths CPl-CPn, CPl'-CPn 1 , 
CPl"-CPn", CPl^-CPn'" and are functioning properly. 
During this operating mode, light is detected on each of 
those node communication paths by the monitor blocks 4 

10 and 4' Cy' at block A2) , and, as a result, the 
controller 3* maintains the switches 22-1' to 22-n 1 in 
a configuration for coupling outputs of the respective 
transponders 14-1 1 to 14-n f to the terminals 10-1 1 to 
10-n f , respectively, and the controller 3 maintains the 

15 switches 22-1 to 22-n in a configuration for coupling 
outputs of the respective transponders 15-1 to 15-n to 
the terminals 10-1 to 10-n, respectively. It is also 
assumed that signals are being provided from terminal 
10-1 to terminal 10-1 • by way of the communication path 

2 0 CPl of node 1, the transmission link LI, and the 

communication path CPl" of node 2. 

At some time later, it is assumed that the 
transponder 14-1 1 of communication path CPl" fails, and 
that the monitor block 4 ■ detects the failure in that 
25 path CPl" ( f N* at block A2) . In response to detecting 
the failure in the path CPl", the monitor block 4' 
notifies the controller 3 1 that a failure has occurred 
in the path CPl" (block A3). The controller 3' then 
responds by 1) providing a failure signal to the 

3 0 controller 3 indicating that a failure has been detected 
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in the path CP1", 2) configuring the switch 13 • to cause 
the switch 13 1 to couple the output of protection 
transponder 17 1 to an input IP2 ' " of switch 22-1' , and 
3) configuring the switch 22-1 1 to couple that input 
5 IP2" 1 to terminal 10-1 1 , via link L10-1* (block A4 ) . 

The controller 3 responds to receiving the 
failure signal from the controller 3 1 by correlating the 
failed communication path CPl" to a corresponding 
"working" communication path (e.g., CPl) from node 1 
10 (block A5) . For example, the controller 3 may perform 
this correlation operation by correlating information 
(received from controller 3 1 ) identifying the failed 
path CPl" with corresponding, pre-stored information 
relating to corresponding path CPl from node 1, although 
15 in other embodiments, other suitable correlation 
techniques may also be employed. After block A5, the 
controller 3 configures the switch 13 to cause output 
OP2 of the splitter 12-1 from the path CPl determined at 
block A5, to an input of the transponder 17 (block A6) . 
2 0 As a result of the switching operations 

performed at blocks A4 and A6, the failed communication 
path CPl" is bypassed, and a backup communication path 
is established which forwards signals originating from 
terminal 10-1, to the terminal 10-1 1 (block A7, Fig. 
25 4b) . The established backup communication path in this 
example includes the splitter 12-1 (e.g., the splitter 
portion from input IP1 to output OP2) , the switch 13, 
the transponder 17, and the multiplexer 16 of node 1, as 
well as the transmission link LI, and the demultiplexer 
30 18 f , transponder 17 1 , switch 13 • , and switch 22-1 ■ of 
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node 2. Preferably, the switching operations of blocks 
A4 and- A5 are performed in a manner which minimizes the 
amount of signal traffic lost as a result of the failure 
in the communication path CP1". 

At some time after the backup communication 
path is established, it is assumed that the 
communication path CPl" which failed at block A2 is 
repaired, and that, as a result, light is detected again 
in that path by the monitor block 4' (block A8) . in 
response to detecting the presence of the light in the 
path CPl", the monitor block 4' notifies the controller 
3' (block A9) , which then responds by reconfiguring the 
switch 22-1* to cause the output of transponder 14-1 ' to 
be coupled again to the terminal 10-1", via link L10-1' 
(block A10) . As a result, signals originating from the 
terminal 10-1 are routed again to the terminal 10-1 1 by 
way of the communication path CPl of node 1, the 
transmission link LI, and the repaired communication 
path CPl" of node 2 (block All) . Control then passes 
back to Block A2 where the method continues in the 
manner described above. 

It should be appreciated in the view of the 
foregoing description that the switching configurations 
implemented in the nodes 1 and 2 in the above example 
are also implemented in cases in which, for example, a 
failure is detected in the communication path CPl. As 
but one example, it is assumed that a failure occurs in 
the communication path CPl, but the monitor block 4 does 
not detect a loss of light in the path CPl (owing to, 
e.g., the failure occurring at a point in the path CPl 
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after the monitored point and/or a failure in the block 
4) . it is also assumed that the failure in 

communication path CP1 is detected as a loss of light in 
the corresponding communication path CP1" of node 2 by 
5 the monitor block 4 f . In this case, the controller 3 f 
responds to the failure detection by configuring the 
switches 13' and 22-1 1 of node 2 in the above-described 
manner (see, e.g., block A4) , and by notifying the 
controller 3 of node 1 of the detected failure. The 
10 controller 3 responds to receiving the notification by 
the performing operations of blocks A5 and A6 described 
above to configure the switch 13 in the above-described 
manner for establishing the alternate communication 
path. 

15 As also can be appreciated in the view of the 

foregoing description, in the event that a failure is 
detected in another other one of the communication paths 
CPl-CPn, CPl'-CPn', CPl"-CPn", and CP1 • "-CPn 1 " , another 
suitable switching configuration is implemented by the 

20 controllers 3 and 3' for bypassing the failed path. For 
example, in a case where a failure is detected in 
communication path CPn' depicted in Fig. 2b, the 
switches 25', 25, and 22-n' are configured to provide an 
alternate communication path for routing signals 

25 received from terminal 10-n 1 , to terminal 10-n. 

It should be noted that although the foregoing 
method of the invention is described in the context of 
one controller 3 or 3 • notifying the other controller 
when a failure is detected in a communication path, each 

30 individual controller 3 and 3* may also make such a 
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determination independently* For example, a failure in 
communication path CPl of node 1 may be detected as a 
loss of light in both that path (by the monitor block 4) 
and corresponding communication path CPl" of node 2 (by 
5 monitor block 4 * ) , and the appropriate switching 
operations may be implemented in those nodes separately 
to establish the backup communication path. It should 
further be noted that although the above-described 
embodiment has been described in the context of 

10 providing protection for unprotected terminals, it is 
also within the scope of this invention to employ that 
embodiment for providing protection for protected 
terminals as well. For example, the components of 
modules la and 2 a may be included in backup 

15 communication paths (described below) of nodes coupled 
to unprotected terminals, for providing redundant backup 
protection. 

Another aspect of the invention will now be 
described. In accordance with this aspect of the 
2 0 invention, failure protection is provided within nodes 
of a communication network for so called "protected" 
terminals. As was described above, "protected" 

terminals are known to those skilled in the art as being 
equipped with "protection" interface equipment. 

2 5 Referring to Fig. 3, a block diagram is shown 

of nodes 1' and 2 f and "protected" terminals 10-1" to 
10-n" and 10-1'" to 10-n ,M of an optical communications 
network that is suitable for practicing this aspect of 
the invention. The nodes l f and 2 1 are bidirectionally 

3 0 coupled to one another through a bidirectional 
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transmission link L4 . Bidirectional "working" 

communication links L10-1" to LlO-n" couple "working" 
interfaces (IF1) of the terminals 10-1" to 10-n" , 
respectively, to an interface II' of the node 1", and 
5 bidirectional "protection" communication links BLl-BLn 
couple "protection" interfaces (IF2) of those terminals 
10-1" to 10-n", respectively, to the interface II 1 . 
Similarly, bidirectional "working" communication links 
L10-1 1 " to LlO-n 1 " couple "working" interfaces (IF1) of 

10 the terminals 10-1 •" to 10-n 1 ", respectively, to an 
interface 12 1 of the node 2', and bidirectional 
"protection" communication links BL»1 1 -BLn ■ couple 
"protection" interfaces (IF2) of the terminals 10-1 f " to 
10-n 1 ", respectively, to the interface I2 f . 

15 The node 1' comprises a plurality of "working" 

bidirectional communication paths Pl-Pn that are 
interposed between interface II 1 and a 
multiplexer/demultiplexer (MUX/DEMUX) 34 of the node l f , 
and the node 2 • comprises a plurality of bidirectional 

20 "working" communication paths Pl'-Pn" that are 
interposed between a multiplexer/demultiplexer 
(MUX/DEMUX) 34 1 of node 2' and interface 12' of the node 
2'. Bidirectional transponders 30-1 to 30-n are 
included in the communication paths Pl-Pn, respectively, 

25 of node 1», and bidirectional transponders 30-1 1 to 30- 
n 1 are included in the communication paths Pl'-Pn 1 , 
respectively, of the node 2 f . 

In accordance with an aspect of this 
invention, the nodes l 1 and 2 1 also comprises protection 

30 modules la 1 and 2a', respectively. The protection 
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module la' preferably comprises a monitor block 4", a 
controller 3", a bidirectional lxN switch 31 having 
terminals Tl-Tn that are coupled through interface II • 
to respective ones of the protection communication links 
5 BLl-BLn, and a bidirectional "protection" transponder 3 2 
that is interposed between another terminal T' of the 
switch 31 and the MUX/DEMUX 34. Similarly, the 
protection module 2a' preferably comprises a monitor 
block 4 1 " , a controller 3 1 11 , a bidirectional lxN switch 

10 31' having terminals Tl'-Tn 1 that are coupled through 
the interface 12 1 to respective ones of the protection 
communication links BL1 1 -BLn 1 , and a bidirectional 
"protection" transponder 32 1 that is interposed between 
another terminal T" of the switch 31 1 and the MUX/DEMUX 

15 34 • . The controllers 3" and 3 1 " are bidirectionally 
coupled to one another by way of a communication link 
L5, although in other embodiments, the controllers 3" 
and 3 • " may communicate with one another through the 
link L4. 

20 The controllers 3" and 3 1 " and monitor blocks 

4" and 4 f " are similar to those described above, and 
will not be described in further detail. The 
transponders 30-1 to 30-n, 32, 30-1 1 to 30-n' , and 32* 
each are responsive to receiving a signal for outputting 

25 a corresponding signal having a predetermined 
wavelength . 

The MUX/DEMUX 34 is preferably a WDM device, 
and operates in a known manner for coupling signals 
having respective wavelengths from the respective 
30 transponders 30-1 to 30-n and 32 onto the transmission 
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link L4 for transmission to the node 2 1 . The MUX/DEMUX 
3 4 also demultiplexes signals received from the link L4 
and outputs signals, each having a predetermined 
wavelength, to corresponding ones of the transponders 
5 30-1 to 30-n and 32. Preferably, the MUX/DEMUX 34' also 
is a WDM device, and operates by coupling signals having 
respective frequencies, received from the respective 
transponders 30-1 • to 30-n 1 and 32 1 , onto the 
transmission link L4 for transmission to the node I 1 , 

10 and by demultiplexing signals received from the link L4 
for outputting corresponding signals, each having a 
predetermined wavelength, to corresponding ones of the 
transponders 3 0-1 • to 3 0-n 1 and 3 2 1 . 

The switches 31 and 31 1 are controllable by 

15 the controllers 3" and 3 • »• , respectively, for being 
placed in a particular configuration for providing a 
backup communication path in the event that a 
communication path failure is detected by monitor block 
4" and/or 4'", respectively, as will be further 

2 0 described below. It should be noted that, although for 

simplicity the various components L10-1" to LlO-n", L10- 
1"' to L10-1'", BLl-BLn, BLl f -BLn', Pl-Pn, Pl f -Pn', 31, 
31», 32, 32 f , 30-1 to 30-n, 30-1' to 30-n', L4 , and L5 
of Fig. 3 are described herein in the context of being 
25 bidirectional, in other, preferred embodiments, 
corresponding unidirectional components may be employed 
instead. For example, two or more unidirectional links 
may be employed for each link L4, L5, L10-1" to LlO-n", 
L10-l ,f/ to L10-1'", BLl-BLn, and BLl'-BLn', two or more 

3 0 unidirectional transponders may be employed in lieu of 
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each transponder 31, 31 f , 32, 32', 30-1 to 30-n, 30-1' 
to 30-n', each path Pl-Pn, Pl'-Pn' may include two or 
more unidirectional paths, two or more 1XN switches may 
be employed in lieu of each switch 31 and 31 1 , and a 
5 separate multiplexer and demultiplexer may be employed 
in lieu of each MUX/DEMUX 34, 34'. For these 

embodiments, the manner in which such unidirectional 
components would be interconnected within the overall 
system would be readily appreciated by one skilled in 

10 the art, in view of this description. 

Referring to the flow diagram of Figs. 5a and 
5b, a. method in accordance with this aspect of the 
invention will now be described. At block Al 1 , the 
method is started, and it is assumed that the terminals 

15 10-1" to 10-n" and 10-1 1 M to 10-n ,M are employing their 
"working" interfaces for communicating, through nodes 1' 
and 2 1 , link L4 , and the links L10-1" to LlO-n" and L10- 
l 1 " to LlO-n'", respectively. 

At block A2 1 it is assumed that one of the 

20 monitor blocks 4 or 4 1 detects a loss of light in one of 
the paths Pl-Pn or Pl'-Pn', respectively ('N' at block 
A2 1 ) . For example, the loss of light in the path may be 
a result of a failure of a corresponding transponder 3 0- 
1 to 30-n or 30-1 • to 30-n 1 , a failure of a "working" 

25 transceiver and/or interface (IF1) of a corresponding 
transmitting terminal, a failure of a "working" link 
coupled to a transmitting terminal, respectively, and/or 
a failure of a node fiber disconnect or optical 
amplifier (not shown) in the path, etc. For the 

30 purposes of this description, it is assumed that the 
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"working" interface (IF1) of terminal 10-1" fails and 
that, as a result , the monitor block 4" detects the 
absence of light in the communication path Pi. 

In response to detecting the absence of light 
5 in the path PI, the monitor block 4" notifies the 
controller 3" that a failure has occurred in the path PI 
(block A3 • ) . The controller 3" then responds by 1) 
providing a failure signal to the controller 3 ,H to 
notify the controller 3'" of the failure in the path PI, 

10 and 2) configuring the switch 31 to cause the switch 31 
to couple the protection link BL1 to the "protection" 
transponder 32, through interface II' (block A4 • ) . The 
controller 3 ,M responds to receiving the failure signal 
from the controller 3" by correlating the failed 

15 communication path PI to corresponding "working" 
communication path Pi" of node 2, in the manner 
described above (block A5 • ) , and by thereafter 
configuring the switch 31 1 to cause the output of 
transponder 32* to be coupled to the protection link 

20 BL1 1 , through interface I2 1 and switch 31« (block A6 1 ) . 

As a result of the switching operations 
performed at blocks A4 1 and A6 1 , an alternate (backup) 
communication path is established between the terminals 
10-1" and 10-1'" for bypassing the failed "working" 

25 interface (IF1) of terminal 10-1" (block A7 • ) . The 
alternate communication path includes, in this example, 
link BLl, switch 31, transponder 32, MUX/DEMUX 34, link 
L4, MUX/DEMUX 34', transponder 32', switch 31 1 , and the 
link BLl 1 . 

30 At block A8 1 , it is assumed that the terminals 
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10-1" and 10-1* M each recognize that the alternate 
communication path has been established (i.e., is 
active) , and respond by switching to their protection 
interfaces (IF2) for resuming communications with one 
5 another through the alternate communication path 
established at block A7 1 . For example, the terminals 
10-1" and 10-1 111 may recognize that the alternate 
communication path has been established in response to 
detecting light and/ or a communication signal received 

10 from the (now active) protection links BL1 and BL1 1 , 
respectively, or by some other known technique. 

At some later time, it is assumed that 1) the 
failure which occurred at block A2 1 is repaired (e.g., 
the "working" interface (IF1) of terminal 10-1" is 

15 repaired and becomes operable again) (block A9 1 ) , and 2) 
this is recognized by the terminals 10-1" and 10-1 1 ", 
using a known technique as described above (e.g. , the 
terminals 10-1" and 10-1 ,M may detect light and/or a 
communication signal received from the protection links 

20 BL1 and BL1 1 ) . The terminals 10-1" and 10-1 ,M then 
respond in a known manner by switching to their 
"working" interfaces (IF1) , for resuming communications 
with one another through those interfaces (IF1) , 
"working" links L10-1" and L10-1 1 ", communication path 

25 PI, and communication path PI • (block A10 1 ). Control 
then passes back to block A2 • where the method continues 
in the manner described above. 

In view of the foregoing description, it can 
be appreciated that the nodes l 1 and 2' provide 1:N 

30 protection for the protected terminals coupled to those 
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nodes, using a lesser number of components (e.g., 
transponders and links) than are employed in the prior 
art nodes 100 and 200 described above. 

A further aspect of the invention will now be 
5 described, with reference being made to Fig. 6, which is 
a block diagram of nodes 1" and 2", unprotected 
terminals 10-1 and 10-1', and protected terminals 10-1" 
and 10-1 ,W , of an optical communications network that is 
suitable for practicing this aspect of the Invention. 
10 In accordance with this aspect of the invention, the 
nodes 1" and 2" have a capability for providing backup 
protection for both the protected and unprotected 
terminals . 

The network includes similar components 10-1, 

15 10-1 1 , 10-1", and 10-1'", 12-1, 12-1', 30-1, 30-1', 30- 
1", 30-1 ,H , 32, 32 f , 31, 31', 22-1, 22-l f , 34, 34 1 , L4 , 
L5, Il f , 12', 3", 3 f ", 4", and 4 • " , as those described 
above, and thus those components will not be described 
in further detail. In accordance with a preferred 

2 0 embodiment of the invention, the nodes 1" and 2 ,f also 
comprise switches 31a and 31a», respectively. 
Preferably, a first input Tla of the switch 31a is 
coupled to an output OP2 of splitter 12-1, a second 
input T2a of the switch 31a is coupled to an output of 

25 terminal 10-1" through the interface ll» and a 
"protection" link BL-l" , and an output Ta 1 of the switch 
31a is coupled to an input of "protection" transponder 
32. Similarly, a first input Tla 1 of switch 31a 1 is 
preferably coupled to an output OP2 1 of splitter 12-1 •„ 

30 a second input T2a f of the switch 31a' is preferably 
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coupled to an output protection interface IF2 of 
terminal 10-1 ,M through the interface 12 1 and 
"protection" link BL-l ,,f , and an output Ta" of the 
switch 31a 1 is preferably coupled to an input of 
5 "protection" transponder 32 ». 

Also in the preferred embodiment of the 
invention, an input T 1 of switch 31 is coupled to an 
output of the transponder 32, a first output Tl 1 of the 
switch 31 is coupled to a first input IPl" of switch 22- 

10 l, and a second output T2 1 of the switch 31 is coupled 
to a protection interface IF2 of terminal 10-1" through 
the node interface Ii» and protection link BL-la". 
Similarly, an input T" of switch 31 1 of node 2" is 
coupled to an output of transponder 32 f , a first output 

15 Tl" of the switch 31* is coupled to a first input IPl'" 
of switch 22-1 f , and a second output T2 ■ " of the switch 
31 1 is coupled to a protection interface IF2 of terminal 
10-1 111 through the interface 12' and a protection link 
BL-la 1 ". Also, an output OP1" of the switch 22-1 of 

2 0 node 1" is coupled to an input of terminal 10-1 through 
the interface II 1 and a link LlO-lb, a second input IP2" 
of switch 22-1 is coupled to an output of the 
transponder 30-1, and, as was previously described, the 
first input IPl" of the switch 22-1 is coupled to the 

25 first output Tl 1 of switch 31. Likewise, an output 
0P1 1 " of switch 22-1' of node 2" is coupled to an input 
of terminal 10-1 1 through the interface 12 1 and a link 
LlO-lb 1 , a second input IP2 1 " of switch 22-1 1 is coupled 
to an output of the transponder 30-1 •, and, as was 

30 previously described, the first input IPl 1 " of the 
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switch 22-1 1 is coupled to the first output Tl" of 
switch 31'. Also shown in Fig. 6 is a link LlO-la, 
which couples an output of terminal 10-1 to splitter 12- 
1 through interface II*, a link L10-1", which 
5 bidirectionally couples terminal 10-1" to transponder 
30-1" through interface II 1 , a link LlO-la 1 , which 
couples an output of terminal 10-1' to splitter 12-1' 
through interface 12 1 , and a link L10-1 1 ", which 
bidirectionally couples terminal 10-1* M to transponder 

10 30-1 f " through interface 12'. 

The manner in which the components of nodes 1" 
and 2" operate in response to a detection of a failure 
in the paths CP1 and/or CP1" is similar to that 
described above and shown in Figs. 4a and 4b. However, 

15 in this embodiment, the controller 3'" responds to 
receiving a notification from the monitor block 4'" 
indicating that a failure has been detected in path CP1" 
(block A3) by 1) providing a failure signal to the 
controller 3" indicating that a failure has been 

20 detected in the path CP1", 2) configuring the switch 31 • 
to cause that switch 31 1 to couple the output of 
protection transponder 32 1 to the first input IP1 IM of 
switch 22-1 1 , and 3) configuring the switch 22-1' to 
couple its first input IP1'" to terminal 10-1 • , via link 

25 LlO-lb 1 (block A4) . Also, at block A6 the controller 
3" conf igures the switch 31a to couple output 0P2 of the 
splitter 12-1 from path CP1, to the transponder 32. 

As a result of these switching operations, the 
failed communication path CP1" is bypassed, and an 

30 alternate communication path is established for routing 
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signals output from the terminal 10-1 towards the 
terminal 10-1 1 (block A7) . The established alternate 
communication path in this example includes the splitter 
12-1, the switch 31a, the transponder 32, and the 
5 MUX/DEMUX 34 of node 1", as well as the transmission 
link L4, and the MUX/DEMUX 34 • , transponder 32', switch 
31 1 , and switch 22-1* of node 2". Also, at block A10, 
the controller 3 • M responds to receiving the 
notification from monitor block 4»" at block A9 by 

10 reconfiguring the switch 22-1' to cause an output of the 
transponder 30-1 1 to be coupled again to the terminal 
10-1', by way of link LlO-lb'. 

The manner in which the components of nodes 1" 
and 2" operate in response to a detection of a failure 

15 in the paths PI and/or P1 H is similar to that shown and 
described above with reference to Figs. 5a and 5b. 
However, in this embodiment, the controller 3" responds 
to receiving the failure notification at block A3' by 1) 
providing a failure signal to the controller 3 ,H to 

20 notify the controller 3 • " of the failure in the path PI, 
and 2) configuring the switch 31a to couple the terminal 
10-1" to the "protection" transponder 32, through 
protection link BL-1" and interface ll» (block A4 • ) . 
Also, at block A6' the controller 3 1 " of node 2" 

25 configures the switch 31 1 to couple the transponder 32' 
to the terminal 10-1 1 ", through interface 12' and 
protection link BL-la 1 " . 

As a result of these switching operations, an 
alternate communication path is established between the 

30 terminals 10-1" and 10-1 1 " (block A7 1 ) , and includes, in 
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this example, link BL-l" , switch 31a, transponder 3 2 , 
MUX/DEMUX 34, link L4 , MUX/DEMUX 34', transponder 32' , 
switch 31', and the link BL— la 1 " • 

It should be noted that although this 
5 embodiment of the invention is described in the context 
of there being only the four terminals 10-1, 10-1', 10- 
1", and 10-l ,tf included in the network, more or less 
than this number of terminals may also be provided, and, 
as one skilled in the art would appreciate in view of 

10 this description, the switching arrangements depicted in 
Fig. 6 may be modified as deemed suitable to accommodate 
that number of terminals. It should also be noted that, 
although for simplicity the various components L10-1", 
L10-1"', 30-1, 30-l f , 30-1", 30-1"*, L4 , L5 , 32, 32 • , 

15 PI, and PI" of Fig. 6 are described herein in the 
context of being bidirectional, in other, preferred 
embodiments, corresponding unidirectional components may 
instead be employed. For example, two or more 
unidirectional links may be employed for each link L4, 

20 L5, L10-1", and L10-1"', two or more unidirectional 
transponders may be employed in lieu of each transponder 
30-1, 30-1', 30-1", 30-1"', 32, and 32 f , each path PI 
and PI" may include two or more unidirectional paths, 
and a separate multiplexer and demultiplexer may be 

25 employed in lieu of each MUX/DEMUX 34, 34 1 . Those 
having skill in the art would readily appreciate, in 
view of this description, the manner in which those 
components would be interconnected within the overall 
communication system. 

3 0 A further embodiment of this invention will 
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now be described , with reference again being made to 
Fig, 6. In accordance with this embodiment, the element 
2 2-1 includes a 1XN coupler rather than a switch, and 
couples signals received at each of the inputs IPl" and 
5 IP2" to the output OP1" . Also in this embodiment, the 
element 22-1' also includes a 1XN coupler rather than a 
switch, and couples signals received at each of the 
inputs IPl • " and IP2 » " to the output OP1 • " . The manner 
in which the remaining components of the communication 

10 system operate is similar to that described above, 
except that no control of switches 22-1, 22-1 • is 
performed, and the switching operations involve 
disabling (de-activating) and/or enabling (activating) 
selected ones of the transponders, as will be described 

15 below. 

In accordance with this embodiment of the 
invention, the transponders 3 0-1, 3 0-1", and 3 2 are 
controllable by the controller 3" for being either 
activated or de-activated (e.g., turned on or off), and 

20 the transponders 30-1 1 , 30-l ,M , and 32 1 of node 2" are 
controllable by the controller 3 ,M for being either 
activated or de-activated. For example, the controller 
3 ,M responds to receiving the notification from the 
monitor block 4 ,M at block A3 by 1) providing the 

25 failure signal to the controller 3", 2) providing an 
enable signal to the transponder 32 • to enable that 
transponder, if it is not already enabled, and 3) 
providing a control signal to the transponder 30-1 1 of 
the failed path CP1" for causing that transponder to 

30 become disabled 30-1' (block A4) . Also, at block A6, 
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in addition to configuring the switch 31a in the above- 
described manner, the controller 3" 1) enables the 
transponder 32, if not already enabled, and 2) disables 
the transponder 30-1 of node 1". As a result of these 
5 operations, signals that may be traversing the path CPl, 
the link L4 , and/or the portion of the path CPl" 
appearing before the transponder 3 0-1* , are prevented 
from reaching the terminal 10-I f (e.g., the failed 
communication path CPl" is bypassed) , and the* alternate 
10 communication path is established for routing signals 
received from terminal 10-1, to terminal 10-1'. 

Also, at block A10, the controller 3'" 
responds to the notification received at block A9 by 1) 
notifying the controller 3" that the path CPl" has been 
15 repaired, 2) enabling the transponder 30-l f , and 3) 
disabling the transponder 32'. Similarly, the 

controller 3" of node 1" responds to receiving the 
notification from the controller 3'" by 1) enabling the 
transponder 30-1, and 2) disabling the transponder 32. 
2 0 As a result, the communication paths CPl and CPl" become 
active again for routing signals received from terminal 
10-1, to the terminal 10-1 and any signals that may be 
traversing the portion of the alternate communication 
path appearing before the transponder 32 1 are prevented 
25 from reaching the terminal 10-1'. 

It should be noted that it is not necessary to 
disable the transponders from both of the nodes 1" and 
2" in order to prevent signals from reaching the 
terminal 10-1 • . For example, in the case described 
30 above, only the transponder 30-1' or 32 • of the node 2" 
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closest to a receiving terminal 10-1 1 need be disabled 
to prevent signals applied to those devices from 
reaching that terminal 10-1'. It should also be noted 
that the transponders included in the nodes of the 
5 previously described embodiments (including, e.g., the 
one shown in Fig. 3) may also be controlled in the 
above-described manner for being enabled/disabled, and 
1XN coupling devices may be employed in lieu of 
respective ones of the switches included in those 

1 0 embodiments . 

Although the invention has been described 
above in the context of the various switching operations 
* being implemented in response to a detection of a 
failure in a single communication path within a node, it 

15 is also within the scope of this invention to implement 
those operations in response to a detection of a failure 
in two or more of those paths. For example, and 
referring to the embodiment shown in Fig. 3, if monitor 
block 4" detects a failure in two or more of the paths 

20 Pl-Pn of node 1', the controller 3" may respond by 
controlling the switch 31 to couple a selected, 
predetermined one of the switch inputs Tl-Tn to the 
switch output T • , for bypassing the failure in a 
corresponding one of the paths. Which one of the switch 

25 inputs Tl-Tn is selected may be pre-programmed into the 
controller 3", and may be predetermined in accordance 
with applicable design and/or system operating criteria. 

Moreover, although the invention has been 
described above in the context of the controllers 3, 3', 

3 0 3", and 3 1 M being located within the protection modules 
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la, 2a, la', and 2a 1 , respectively, the invention is not 
limited to only such a configuration. By example, in 
other embodiments the controllers 3, 3', 3", 3 • " may be 
located in other portions of the respective nodes. 
5 Also, it should be noted that although the invention is 
described in the context of the various switches being 
configured in response to a detection made by a monitor 
block 4, 4 1 , 4", 4 1 " , those switches may be configured 
in response to other suitable triggering events. As an 

10 example, it is within the scope of this invention to 
configure the switches in response to a user entering 
configuration command information into one or more of 
the controllers 3, 3 f , 3" and 3 1 " , using a user 
interface. It is also within the scope of this 

15 invention to employ the optical sensors outside of one 
or more of the nodes 1, l 1 , 2, and 2* for detecting 
failures in, for example, the various links L10-1 to 
LlO-n, L10-1' to LlO-n', L10-1" to L10-n" , and L10-1'" 
to LlO-n'" , or to include sensor (s) in only one of the 

2 0 nodes. 

While the invention has been particularly 
shown and described with respect to preferred 
embodiments thereof, it will be understood by those 
skilled in the art that changes in form and details may 
25 be made therein without departing from the scope and 
spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A line node for a communication network, the 
line node being bidirectionally coupled to at least one 
first terminal through at least one first link and to at 
least one second terminal through at least one second 
link, the line node comprising: 

at least one first communication path having 
a first end coupled to the at least one first link and 
a second end coupled to the at least one second link, 
said at least one first communication path for routing 
signals received from the at least one first terminal 
towards the at least one second terminal; 

at least one splitter having an input, a first 
output, and a second output, the input and the first 
output being coupled in said at least one communication 
path, said at least one splitter being responsive to 
receiving a signal for outputting first and second 
signal portions through the first and second outputs, 
respectively; 

a first switch having an output coupled to 
said at least one second link; 

means for detecting a failure in said at least 
one first communication path; and 

a controller coupled to said detecting means 
and to said first switch, said controller being 
responsive to said detecting means detecting a failure 
in said at least one first communication path for 
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controlling said first switch to couple the second 
output of said splitter to the at least one second link, 
for routing the second signal portion towards the at 
least one second terminal. 

2. A line node as set forth in Claim 1, further 
comprising: 

at least one second communication path having 
a first end coupled to the at least one first link and 
a second end coupled to the at least one second link, 
said at least one second communication path for routing 
signals received over the at least one second link from 
the second terminal towards the first terminal; and 

at least one second switch having an input 
coupled to the at least one second link; 

wherein said detecting means is also for 
detecting a failure in said at least one second 
communication path, and said controller is responsive to 
said detecting means detecting a failure in said at 
least one second communication path for controlling said 
second switch to couple the at least one second link to 
the at least one first link, for routing signals 
received from the at least one second terminal over the 
at least one second link towards the at least one first 
terminal . 

3. A line node as set forth in Claim 1, wherein 
said at least one first communication path includes a 
plurality of first communication paths, and said at 
least one splitter includes a plurality of splitters, 
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each of said splitters having an input and a first 
output that are both coupled in a respective one of said 
first communication paths, each of said splitters also 
having a second output, said first switch having a 
plurality of inputs coupled to the second outputs of 
said splitters, respectively, and wherein said 
controller controls said first switch to couple the 
second output of the splitter coupled in the path in 
which the failure is detected to the at least one second 
link. 

4. A line node as set forth in Claim 2, wherein 
said at least one second communication path includes a 
plurality of second communication paths, and said at 
least one second switch includes a switching device and 
a plurality of switching elements, said switching device 
having an input coupled to the at least one second link 
and a plurality of outputs, each switching element 
having a first input coupled in a respective one of said 
second communication paths, a second input coupled to a 
respective one of the outputs of said switching device, 
and an output coupled to the at least one first link, 
and wherein said controller responds to said detecting 
means detecting a failure in a second communication path 
by controlling said switching device to couple signals 
received over the at least one second link to the second 
input of the switching element coupled in that path, and 
by controlling that switching element to further couple 
those signals to the at least one first link. 
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5. A line node as set forth in Claim 4, wherein 
said detecting means also detects when individual ones 
of said second communication paths become active, and 
said controller responds thereto by controlling a 
corresponding one of the switching elements to couple 
signals in that path to the at least one first link, for 
routing those signals towards the at least one first 
terminal. 

6. A line node as set forth in Claim 1, wherein 
said controller also is coupled to the other node, and 
is responsive to said detecting means detecting the 
failure for notifying the other node of the detected 
failure. 

7. A line node as set forth in Claim 1, wherein 
said controller also is coupled to the other node, and 
is responsive to at least one of the detecting means 
detecting the failure and the line node receiving 
information from the other node indicating that a 
failure has been detected in that node for controlling 
said first switch to couple the second signal portion to 
the at least one second link. 

8. A line node as set forth in Claim 3, further 
comprising a multiplexer interposed between the at least 
one second link and said plurality of splitters, said 
multiplexer having an output coupled to the at least one 
second link, said multiplexer also having and a 
plurality of inputs, each of which is coupled to a first 
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output of a respective one of said splitters. 

9. A line node as set forth in Claim 8, further 
comprising a first transponder and plurality of second 
transponders, said first transponder being interposed 
between an output of said first switch and another input 
of said multiplexer, said second transponders being 
interposed in respective ones of said first 
communication paths between the splitters of those paths 
and the multiplexer, 

10. A line node as set forth in Claim 1, wherein 
said detecting means detects the failure in the at least 
one communication path by detecting a loss of light in 
the path. 

11. A line node for a communication network, the 
line node being coupled to each of a plurality of first 
terminals through both a first link and a second link, 
the line node also being coupled to at least one second 
terminal through at least one third link, the line node 
comprising: 

a plurality of communication paths for routing 
signals being communicated between the first terminals 
and the at least one second terminal, each communication 
path having a first end coupled to a respective one of 
the first links and a second end coupled to the at least 
one third link; 

a switch having a plurality of first terminals 
and a second terminal, each of the first terminals being 
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coupled to a respective one of the second links, the 
second terminal being coupled to the at least one third 
link; 

means for detecting a failure in at least one 
of said communication paths; and 

a controller, coupled to said detecting means 
and to said switch, and being responsive to said 
detecting means detecting a failure in a communication 
path for controlling said switch to couple a 
corresponding one of the second links to the at least 
one third link, for providing, an alternate route through 
those links for routing the signals. 

12. A line node as set forth in Claim 11, wherein 
each of the first terminals provides signals to said 
line node over either the first or second link coupled 
thereto, depending on which link is determined to be 
active by that terminal. 

13. A line node as set forth in Claim 11, wherein 
each of the first terminals accepts signals from either 
the first or second link coupled thereto , depending on 
which link is determined to be active by that terminal. 

14. A line node as set forth in Claim 11, wherein 
said line node is coupled to the at least one second 
terminal through both the at least one third link and at 
least one other node, and said controller is coupled to 
the at least one other node, and is responsive to said 
detecting means detecting the failure for notifying the 
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at least one other node of the detected failure. 

15. A line node as set forth in Claim 11, wherein 
said line node is coupled to the at least one second 
terminal through both the at least one third link and at 
least one other node, wherein said controller is coupled 
to the at least one other node, and is responsive to at 
least one of said detecting means detecting the failure 
in said communication path or said controller receiving 
from the other node information indicating that a 
failure has been detected in that node for controlling 
said switch to couple a corresponding one of the second 
links to the at least one third link. 

16. A line node as set forth in Claim 11, further 
comprising a multiplexer/demultiplexer interposed 
between the at least one third link and said plurality 
of communication paths, said multiplexer/demultiplexer 
having a terminal coupled to the at least one third link 
and a plurality of other terminals each of which is 
coupled to the second end a respective one of said 
communication paths. 

17. A line node as set forth in Claim 11, further 
comprising a multiplexer/demultiplexer interposed 
between the at least one third link and said plurality 
of communication paths, said multiplexer/demultiplexer 
having a terminal coupled to the at least one third link 
and a plurality of other terminals each of which is 
coupled to the second end a respective one of said 
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communication paths. 

18. A line node as set forth in Claim 11, further 
comprising a plurality of transponders, each of which is 
interposed in a respective one of said communication 
paths. 

19. A line node as set forth in Claim 18, further 
comprising another transponder interposed between an 
output of said switch and the at least one third link. 

20. A line node as set forth in Claim 19, further 
comprising a multiplexer /demultiplexer interposed 
between the at least one third link and said 
communication paths, said multiplexer /demultiplexer 
having one terminal coupled to the at least one third 
link and a plurality of other terminals, each of which 
is coupled to a respective one of said transponders. 

21. A line node as set forth in Claim 18, wherein 
said controller also is responsive to said detecting 
means detecting the failure in the communication path 
for controllably disabling the transponder interposed in 
that path. 

22. A line node as set forth in Claim 18, wherein 
said detecting means also detects when individual ones 
of said communication paths become active , and said 
controller is responsive thereto for controllably 
enabling the transponders interposed in those paths. 



WO 01/45312 



PCT/US00/33899 



48 

23. A line node as set forth in Claim 11, wherein 
said line node is coupled to the at least one second 
terminal through both the at least one third link and at 
least one other node, and the at least one second 
terminal includes a plurality of second terminals, 
wherein the other node is coupled to each second 
terminal through both a fourth link and a fifth link, 
and wherein the other node comprises: 

a plurality of further communication paths for 
routing signals being communicated between said first 
and second terminals through the other node, each 
further communication path having a first end coupled to 
the at least one third link and a second end coupled to 
a respective fourth link; 

a further switch having a plurality of first 
terminals and a second terminal, each of the first 
terminals of said further switch being coupled to a 
respective fifth link, the second terminal of said 
further switch being coupled to the at least one third 
link; 

a least one detector for detecting a failure 
in at least one of said further communication paths; and 

a further controller, coupled to said at least 
one detector and to said further switch, and being 
responsive to said at least one detector detecting a 
failure in at least one of said further communication 
paths for controlling said further switch to couple a 
corresponding one of the fifth links to the at least one 
third link, for providing an alternate route through 
those links for routing the signals. 
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24. A line node as set forth in Claim 23 , wherein 
said controller of said line node is coupled to said 
further controller of the other node, and at least one 
of said controller and said further controller notifies 
the other controller of a detection of a failure in a 
communication path. 

25. A line node as set forth in Claim 23 , wherein 
said controller also is coupled to said further 
controller, and said controller is responsive to 
receiving from the further controller an indication that 
a failure has been detected in one of said further 
communication paths for controlling said switch to 
couple a corresponding one of the second links to the at 
least one third link, for providing an alternate route 
for routing the signals through those links. 

26. A line node as set forth in Claim 11, wherein 
said detecting means detects the failure in the at least 
one communication path by detecting a loss of light in 
the path. 

27. A line node, said line node being coupled to 
at least one first terminal through both a first link 
and a second link, to at least one second terminal 
through each of a third link, a fourth link, and a fifth 
link, and to at least one third terminal through at 
least one sixth link, said line node comprising: 

a plurality of communication paths for routing 
signals being communicated between the first and third 
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terminals and between the second and third terminals 
through said line node, said communication paths 
including at least one first communication path, at 
least one second communication path, and at least one 
third communication path, each at least one first 
communication path having a first end coupled to a 
respective one of the first links and a second end 
coupled to the at least one sixth link, each at least 
one second communication path having a second end 
coupled to the at least one sixth link, and each at 
least one third communication path having a first end 
coupled to the third link and a second end coupled to 
the at least one sixth link; 

at least one splitter, each at least one 
splitter having an input and first and second outputs, 
the input and first output of said at least one splitter 
being coupled in a corresponding one of said first 
communication paths; 

a first switch having an input terminal 
coupled to the at least one sixth link, and a plurality 
of output terminals, at least one of which is coupled to 
a corresponding one of the fifth links; 

a plurality of second switches, a first input 
terminal of at least one of said second switches being 
coupled to the second output of a corresponding one of 
said splitters, a second input terminal of that at least 
one second switch being coupled to a corresponding one 
of the fourth links, and an output terminal of that at 
least one second switch being coupled to the at least 
one sixth link, and wherein a first input terminal of at 
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least one other second switch is coupled to a first end 
of a corresponding one of said second communication 
paths, a second input terminal of that at least one 
other second switch is coupled to a corresponding one of 
the output terminals of said first switch, and an output 
terminal of that at least one other second switch is 
coupled to a corresponding one of the second links; 

means for detecting a failure in at least one 
of said first, second, or third communication paths; and 

a controller, coupled to said detecting means, 
and being responsive to said detecting means detecting 
a failure in one of the communication paths for 
controlling one or more of said first and second 
switches to couple either the second output of a 
corresponding splitter, or a corresponding one of the 
second, fourth, or fifth links, to the at least one 
sixth link, for routing signals therethrough. 

28. A line node as set forth in Claim 27, wherein 
said controller is responsive to said detecting means 
detecting a failure in said first communication path for 
controlling said at least one second switch to couple 
the second output of said splitter to the at least one 
sixth link. 

29. A line node as set forth in Claim 27, wherein 
said controller is responsive to said detecting means 
detecting a failure in said second communication path 
for controlling said first switch and said at least one 
other second switch to couple the at least one sixth 
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link to a corresponding one of the second links. 

30. A line node as set forth in Claim 27, wherein 
said controller is responsive to said detecting means 
detecting a failure in said third communication path for 
controlling either said first switch to couple the at 
least one sixth link to a corresponding one of the fifth 
links, or said at least one second switch to couple the 
fourth link to the at least one sixth link. 

31. A line node as set forth in Claim 27 , wherein 
said at least one second terminal transceives signals 
over the third link coupled thereto if that link is 
determined to be active by the terminal, provides 
signals over the fourth link coupled thereto if that 
link is determined to be active by the terminal, and 
accepts signals from the fifth link coupled thereto if 
that link is determined to be active by the terminal. 

32. A line node as set forth in Claim 27, wherein 
said controller is coupled to at least one other node 
through the at least one sixth link, and said controller 
is responsive to receiving information from the other 
node indicating that a failure has been detected in a 
communication path of that node for controlling a 
corresponding one or more of said first and second 
switches to couple either the second output of a 
corresponding splitter, or a corresponding one of the 
second, fourth, or fifth links, to the at least one 
sixth link. 
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33. A line node as set forth in Claim 27, further 
comprising a multiplexer/demultiplexer having a first 
terminal, a second terminal, and a plurality of third 
terminals, wherein the first terminal of said 
multiplexer/demultiplexer is coupled to said at least 
one sixth link, the second terminal of said 
multiplexer/demultiplexer is coupled to the input 
terminal of said first switch, at least one of the third 
terminals of said multiplexer/demultiplexer is coupled 
to the second end of that at least one first 
communication path, and at least another one of the 
third terminals of said multiplexer/demultiplexer is 
coupled to the second end of the at least one third 
communication path. 

34. A line node as set forth in Claim 33, further 
comprising: 

a plurality of first transponders, each of 
which is interposed in a respective one of said first, 
second, and third communication paths; and 

a second transponder interposed between the 
input terminal of said first switch and the second 
terminal of said multiplexer/demultiplexer. 

35. A line node as set forth in Claim 27, wherein 
said detecting means detects the failure in the at least 
one of said first, second, or third communication paths 
by detecting a loss of light in the at least one path. 

36. A communication network, comprising: 
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at least one first terminal; 
at least one second terminal; 
a plurality of links; and 

at least one first node, bidirectionally 
coupled to both said at least one first terminal through 
at least a first one of said links and to said at least 
one second terminal through at least a second one of 
said links, said at least one first node comprising: 

a plurality of first communication paths, 
each of said first communication paths being coupled at 
a first end thereof to at least one corresponding first 
link, wherein second ends of said first communication 
path are all coupled to the at least one second link, 
for providing a communication route between the first 
and second links, 

at least one first alternate 
communication path having a first end coupled to the at 
least one second link, 

at least one first switch coupled to said 
at least one first alternate communication path, 

a first detector for detecting a failure 
in at least one of said plurality of first communication 
paths , and 

a first controller coupled to said first 
detector and to said at least one first switch, said 
first controller being responsive to said first detector 
detecting a failure in at least one of said first 
communication paths for controlling said at least one 
first switch to couple the at least one first alternate 
communication path to a corresponding first link, for 
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routing a signal between that first link and the at 
least one second link through the at least one first 
alternate communication path. 

37. A communication network as set forth in Claim 
36, further comprising at least one second node 
interposed between the at least one second link and the 
at least one second terminal, said at least one first 
and second nodes being coupled together through the at 
least one second link, said at least one second node 
being coupled to said at least one second terminal 
through at least one third link, and wherein said at 
least one second node comprises: 

a plurality of second communication 
paths, each having a first end and a second end, the 
first ends of said second communication paths being 
coupled to the at least one second link, the second of 
each second communication path being coupled to a 
corresponding third link, for providing a communication 
route between the second and third links, 

at least one second alternate 
communication path having a first end coupled to the at 
least one second link, 

at least one second switch coupled to 
said at least one second alternate communication path, 

a second detector for detecting 
a failure in at least one of said plurality of second 
communication paths, and 

a second controller coupled to said 
second detector and to said at least one second switch, 



WO 01/45312 



PCT/US00/33899 



56 

said second controller being responsive to said second 
detector detecting a failure in at least one of said 
second communication paths for controlling said at least 
one second switch to couple the at least one second 
alternate communication path to a corresponding third 
link, for routing a signal between that at least one 
second link and the third link through the at least one 
second alternate communication path. 

38. A communication network as set forth in Claim 
3 7 , wherein said first and second detectors detect the 
failure in the first and second communication paths, 
respectively, by detecting a loss of light in those 
respective paths. 

39. A communication network as set forth in Claim 
37, wherein said at least one first node further 
comprises at least one first multiplexer /demultiplexer, 
said at least one second node further comprises at least 
one second multiplexer /demultiplexer , and wherein each 
of said first communication paths is coupled to a 
respective one of said second communication paths 
through the at least one second link and the first and 
second multiplexer /demultiplexer . 

40. A communication network as set forth in Claim 
36 , further comprising at least one splitter, wherein 
each splitter has an input terminal and a first output 
terminal that are both coupled in a respective one of 
said at least one first communication paths, and said 
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first controller responds to said first detector 
detecting a failure in a first communication path by 
controlling said at least one first switch to couple a 
second output terminal of a corresponding splitter to 
the at least one second link through the at least one 
alternate communication path. 

41. A communication network as set forth in Claim 
37, wherein said second switch has an input terminal and 
a plurality of output terminals, the input terminal of 
said second switch being coupled in said at least one 
second alternate communication path, and wherein said 
second node further comprises a plurality of third 
switches, each third switch having a first input 
terminal coupled in a corresponding one of said second 
communication paths, a second input terminal coupled to 
a corresponding one of the output terminals of said 
second switch, and an output terminal coupled to the at 
least one third link, and wherein said second controller 
responds to said second detector detecting a failure in 
a second communication path by controlling said second 
switch to couple signals received over the at least one 
second link to the second input terminal of the third 
switch coupled in the path, and by controlling that 
third switch to further couple those signals to the at 
least one third link. 

42. A communication network as set forth in Claim 
40, wherein said first node further comprises a 
multiplexer having an output coupled to the at least one 
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second link, a first input coupled to an output of said 
first switch, and a plurality of second inputs each of 
which is coupled to a second end of a corresponding one 
of said first communication paths • 

43. A communication network as set forth in Claim 
40, wherein said first node comprises a plurality of 
transponders, individual ones of said transponders being 
interposed in respective ones of said first 
communication paths. 

44. A communication network as set forth in Claim 
43, and further comprising another transponder 
interposed in said at least one first alternate 
communication path. 

45. A communication network as set forth in Claim 
37, wherein said first and second controllers are 
coupled together through the at least one second link, 
said second controller also is responsive to said second 
detector detecting the failure in said second 
communication path for notifying the first controller of 
the failure, and wherein said first controller responds 
thereto by coupling the at least one first alternate 
communication path to a corresponding first link. 

46. A communication network as set forth in Claim 
40, wherein each first terminal transmits signals over 
only those ones of the first and second links that are 
coupled to the terminal and determined to be active by 
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that terminal. 

47. A communication network as set forth in Claim 
36, wherein said first detector detects the failure in 
the at least one first communication path by detecting 
a loss of light in that path. 

48. A method for operating at least one line node 
coupled between a pair of terminals of a communication 
network through respective links, comprising the steps 
of: 

receiving signals at the line node from a 
first one of the terminals through a first one of the 
links; 

splitting the received signals into 
corresponding signal portions and forwarding a first one 
of the signal portions through at least one first 
communication path towards a second one of the 
terminals; 

monitoring for a failure in the at least one 
first communication path; and 

in response to detecting a failure in the at 
least one first communication path, routing a second one 
of the signal portions through an alternate 
communication path towards the second terminal. 

49. A method as set forth in Claim 48, further 
comprising the step of notifying another node in the 
communication network of the detected failure. 
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50. A method as set forth in Claim 48, wherein the 
monitoring step includes monitoring for a loss of light 
in the at least one first communication path. 

51. A method as set forth in Claim 48, wherein the 
routing step includes a step of operating a switch to 
couple the second signal portion to one of the links 
which is coupled to the second terminal. 

52. A method as set forth in Claim 51 , further 
comprising the steps of: 

detecting when the at least one first 
communication path becomes active again; and 

in response to detecting that the at least one 
communication path has become active again, further 
operating the switch to de-couple the second signal 
portion from the second link. 

53. A method as set forth in Claim 48, wherein the 
line node is coupled to the second terminal through a 
second one of the links and at least one other line 
node, and the second signal portion is routed towards 
the second terminal through the second link and the 
other line node, and further comprising the steps of: 

the line node notifying the other line node of 
the detected failure; and 

in response to the other line node being 
notified of the detected failure and receiving the 
second signal portion, routing the second signal portion 
towards the second terminal through another alternate 
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communication path residing in the other line node. 

54. A method as set forth in Claim 48 , and further 
comprising the step of coupling, through a multiplexing 
device, the routed second signal portion and the first 
signal portions onto a second one of the links coupled 
to the second terminal. 

55. A method for operating at least one line node 
of a communication network, the line node having a 
plurality of communication paths, each of which is 
coupled at a first end thereof through a first link to 
a first interface of a respective one of a plurality of 
first terminals, each communication path having a second 
end coupled through at least one second link to at least 
one second terminal, the line node also being coupled to 
a second interface of each first terminal through at 
least one third link, the method comprising the steps 
of: 

monitoring for a failure in at least one of 
the communication paths; and 

in response to detecting a failure in at least 
one of the communication paths, switchably coupling a 
corresponding at least one of the third links to the at 
least one second link. 

56. A method as set forth in Claim 55, further 
comprising the steps of: 

detecting the failure in the at least one 
communication path at the first terminal coupled to that 
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path; and 

in response to detecting the failure at the 
first terminal, providing a signal from the second 
interface of the first terminal to the line node through 
the third link coupled to the first terminal. 

57. A method as set forth in Claim 55 , further 
comprising the step of notifying another node in the 
communication network of the detected failure. 

58. A method as set forth in Claim 55, wherein 
prior to the monitoring step, steps are performed of: 

providing a switch having a first terminal and 
a plurality of second terminals in the line node; 

connecting the first terminal of the switch to 
the at least one second link; 

connecting each second terminal of the switch 
to a respective one of the third links; and 

wherein the switchably coupling step includes 
operating the switch to couple the corresponding third 
link to the at least one second link. 

59. A method as set forth in Claim 55, wherein the 
monitoring step is performed in at least one other line 
node of the network. 

60. A method as set forth in Claim 59, further 
comprising the step of notifying the line node of the 
failure in response to the other line node detecting a 
failure in the at least one communication path, and 
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wherein the switchably coupling step is performed in 
response to the notifying step. 

61. A method as set forth in Claim 55, wherein a 
transponder is included in each of the communication 
paths, and wherein in response to the failure being 
detected in the at least one communication path, a step 
is performed by disabling the transponder included in 
that path. 

62. A method as set forth in Claim 61, further 
comprising the steps of: 

detecting when the failed communication path 
becomes active again; and 

in response to detecting that the failed 
communication path has become active again, enabling the 
transponder included in that path. 

63. A method as set forth in Claim 61, wherein 
prior to the monitoring step, steps are performed of: 

providing at least one coupler having a first 
terminal and a plurality of second terminals in the line 
node; 

coupling the first terminal of the at least 
one coupler to the at least one second link; and 

coupling each second terminal of the at least 
one coupler to a respective one of the third links; and 

coupling a further transponder between the 
first terminal of the at least one coupler and the at 
least one second link, and wherein the switchably 
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coupling step is performed by enabling the further 
transponder. 

64- A method as set forth in Claim 55, wherein the 
monitoring step includes monitoring for a loss of light 
in the at least one communication path. 

65. A method for operating at least one line node 
of a communication network, the line node having a 
plurality of communication paths, at least a first one 
of which is coupled at a first end thereof through a 
first link to a first interface of a respective one of 
a plurality of first terminals, the at least one first 
communication path also having a second end coupled 
through at least one second link to at least one second 
terminal, wherein the line node also is coupled to a 
second interface of each first terminal through at least 
one third link, and wherein at least a second one of the 
communication paths is coupled at a first end thereof to 
at least one third terminal through at least one fourth 
link, and is also coupled at a second end thereof to the 
at least one second link, the method comprising the 
steps of: 

receiving signals at the line node from at 
least one of the first and third terminals over the 
first or fourth link, respectively; 

splitting signals received over the fourth 
link into corresponding signal portions and forwarding 
a first one of the signal portions through the second 
communication path towards the second terminal; 
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monitoring for a failure in at least one of 
the communication paths; 

in response to detecting a failure in the at 
least one first communication path, coupling a 
corresponding third link to the at least one second 
link; and 

in response to detecting a failure in the 
second communication path, routing a second one of the 
signal portions through an alternate communication path 
towards the second terminal. 

66. A method as set forth in Claim 65, further 
comprising the step of notifying another node in the 
communication network of the detected failure. 

67. A method as set forth in Claim 65, wherein the 
monitoring step includes monitoring for a loss of light 
in the at least one communication path. 

68. A method as set forth in Claim 65, wherein the 
monitoring step is performed in at least one other line 
node of the network. 
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AMENDED CLAIMS 

[received by the International Bureau on 4 May 2001 (04.05.01); 
new claims 69-89 added; remaining claims unchanged (13 pages)] 

Please add Claims 69-89 as follows: 
— 69. A communication network, comprising: 
a plurality of first communication terminals; 
at least one second communication terminal; 
a plurality of communication links; and 
at least one first node, bidirectionally coupled to 
each of the first communication terminals through a 
corresponding first one of the communication links and a 
corresponding second one of the communication links , the at 
least one first node also being coupled to at least one 
second terminal through at least a third one of the 
communication links, said at least one first node comprising: 

a plurality of communication paths, each for 
routing signals being communicated between a corresponding 
one of the first communication terminals and the at least one 
second terminal, each communication path having a first end 
coupled to a respective one of the first communication links 
and a second end coupled to the third communication link, 

a switch having a plurality of first terminals and 
a second terminal, each of the first terminals being coupled 
to a respective one of the second communication links, the 
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second terminal being coupled to the third communication 
link, and 

a controller, coupled to said switch, and being 
responsive to applied input information for controlling said 
switch to couple a corresponding one of the second 
communication links to the third communication link, for 
providing an alternate route through those links for routing 
the signals. 

70 ♦ A communication network as set forth in Claim 
69, wherein each of the first communication terminals 
provides signals to said first node over either the first or 
second communication link coupled thereto, depending on which 
link is determined to be active by that first communication 
terminal . 

71. A communication network as set forth in Claim 
69 , wherein each of the first communication terminals accepts 
signals from either the first or second communication link 
coupled thereto, depending on which link is determined to be 
active by that first communication terminal. 
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72. A communication network as set forth in Claim 
69, wherein said first node further comprises a detector for 
detecting a failure in at least one of said communication 
paths , said first node is coupled to the at least one second 
communication terminal through both the third communication 
link and at least one other node, and said controller is 
coupled to an output of said detector and to the at least one 
other node, and is responsive to said detector detecting the 
failure for notifying the at least one other node of the 
detected failure - 

73. A communication network as set forth in Claim 
69, wherein said first node is coupled to the at least one 
second communication terminal through both the third 
communication link and at least one other node, wherein said 
controller is coupled to the at least one other node, and is 
responsive to receiving from the other node information 
indicating that a failure has been detected in that other 
node for controlling said switch to couple a corresponding 
one of the second communication links to the at least one 
third communication link. 
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74- A communication network as set forth in Claim 
69 , further comprising a multiplexer /demultiplexer interposed 
between the third communication link and said plurality of 
communication paths , said multiplexer /demultiplexer having a 
terminal coupled to the third communication link and a 
plurality of other terminals each of which is coupled to the 
second end a respective one of said communication paths. 

75. A communication network as set forth in Claim 
69/ further comprising a plurality of transponders , each of 
which is interposed in a respective one of said communication 
paths • 

76. A communication network as set forth in Claim 

75, further comprising another transponder interposed between 
an output of said switch and the third communication link. 

77- A communication network as set forth in Claim 

76, further comprising a multiplexer/demultiplexer interposed 
between the third communication link and said communication 
paths , said multiplexer/demultiplexer having one terminal 
coupled to the third communication link and a plurality of 
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other terminals , each of which is coupled to a respective one 
of said transponders. 

78 • A communication network as set forth in Claim 
75 , wherein said controller is responsive to the applied 
input information indicating that a failure has been detected 
in at least one of the communication paths for controllably 
disabling the transponder interposed in that at least one 
communication path* 

79. A communication network as set forth in Claim 
78/ wherein said controller also is responsive to applied 
input information indicting that the at least one 
communication path has become active for controllably 
enabling the transponder interposed in that at least one 
communication path. 

80 • A communication network as set forth in Claim 
69/ further comprising a second node, wherein said first node 
is coupled to the at least one second communication terminal 
through both the third communication link and the second 
node, and there are a plurality of the second communication 
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-terminals, wherein the second node Is coupled to each second 
communication terminal through both a fourth one of the 
communication links and a fifth one of the communication 
links, and wherein second node comprises: 

a plurality of further communication paths for 
routing signals being communicated between said first and 
second communication terminals through the second node, each 
further communication path having a first end coupled to the 
third communication link and a second end coupled to a 
respective fourth communication link; 

a further switch having a plurality of first 
terminals and a second terminal, each of the first terminals 
of said further switch being coupled to a respective fifth 
communication link, the second terminal of said further 
switch being coupled to the third communication link; and 

a further controller , coupled to said at least one 
detector and to said further switch, and being responsive to 
applied input information indicating that a failure has been 
detected in at least one of said further communication paths 
for controlling said further switch to couple a corresponding 
one of the fifth communication links to the third 
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communication link, for providing an alternate route through 
those links for routing the signals. 

81 • A communication network as set forth in Claim 
80, wherein said controller of said first node is coupled to 
said further controller of the second node, and said further 
controller notifies the controller of a detection of a 
failure in a communication path, 

82. A communication network as set forth in Claim 
80, wherein said controller also is coupled to said further 
controller, and said controller is responsive to receiving 
from the further controller an indication that a failure has 
been detected in one of said further communication paths for 
controlling said switch to couple a corresponding one of the 
second communication links to the third communication link, 
for providing an alternate route for routing the signals 
through those links. 

83. A communication network as set forth in Claim 
69, wherein said at least one first node further comprises a 
detector for detecting a failure in at least one of said 
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communication paths and applying the input information to the 
controller • 

84. A communication network, comprising: 
a plurality of communication terminals, including 
at least a first communication terminal, a second 
communication terminal, and a third communication terminal; 
a plurality of communication links; and 
at least one node, coupled to (a) the first 
communication terminal through both a first one of the 
communication links and a second one of the communication 
links, (b) the second communication terminal through each of 
a third one of the communication links, a fourth one of the 
communication links, and a fifth one of the communication 
links, and (c) the third communication terminal through at 
least one sixth communication link, said at least one node 
comprising: 

a plurality of communication paths for routing 
signals being communicated between the first and third 
communication terminals and between the second and third 
communication terminals through the at least one node, said 
communication paths including a first communication path, a 
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second communication path, and a third communication path, 
each first communication path having a first end coupled to 
the first communication link and a second end coupled to the 
at least one sixth communication link, each second 
communication path having a second end coupled to the at 
least one sixth link, and each third communication path 
having a first end coupled to the third communication link 
and a second end coupled to the at least one sixth link, 

at least one splitter, each at least one splitter 
having an input and first and second outputs, the input and 
first output of said at least one splitter being coupled in a 
corresponding one of said first communication paths, 

a first switch having an input terminal coupled to 
the at least one sixth communication link, and a plurality of 
output terminals, at least one of which is coupled to the 
fifth communication link, 

a plurality of second switches, a first input 
terminal of at least one of said second switches being 
coupled to the second output of a corresponding one of said 
splitters, a second input terminal of that at least one 
second switch being coupled to the fourth communication link, 
and an output terminal of that at least one second switch 
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being coupled to the at least one sixth link, and wherein a 
first input terminal of at least one other second switch is 
coupled to a first end of a corresponding one of said second 
communication paths, a second input terminal of that at least 
one other second switch is coupled to a corresponding one of 
the output terminals of said first switch , and an output 
terminal of that at least one other second switch is coupled 
to the second communication link, 

a controller being responsive to applied input 
information indicating that a failure has been detected in at 
least one of said first, second, or third communication paths 
for controlling one or more of said first and second switches 
to couple either the second output of a corresponding 
splitter, or the second, fourth, or fifth communication link, 
to the at least one sixth communication link, for routing 
signals therethrough, 

85. A communication network as set forth in Claim 
84, wherein said controller is responsive to the applied 
input information for controlling said at least one second 
switch to couple the second output of said splitter to the at 
least one sixth communication link. 
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86. A communication network as set forth in Claim 
84/ wherein said controller is responsive to applied input 
information indicating that a failure has been detected in 
said second communication path for controlling said first 
switch and said at least one other second switch to couple 
the at least one sixth communication link to the second 
communication link* 

87. A communication network as set forth in Claim 
84 , wherein said controller is responsive to applied input 
information indicating that a failure has been detected in 
said third communication path for controlling either said 
first switch to couple the at least one sixth communication 
link to the fifth communication link/ or said at least one 
second switch to couple the fourth communication link to the 
at least one sixth communication link, 

88. A method for operating a communication network 
comprising at least one line node coupled to at least two 
communication terminals/ the method comprising the steps of: 

forwarding a signal from a first one of the 
communication terminals towards a second one of the 
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communication terminals through the at least one line node; 
and 

within the at least one line node, 

splitting the signal into corresponding signal 
portions and forwarding a first one of the signal portions 
through at least one first communication path towards the 
second communication terminal; 

monitoring for a failure in the at least one first 
communication path; and 

in response to detecting a failure in the at least 
one first communication path, routing a second one of the 
signal portions through an alternate communication path 
towards the second communication terminal. 

89. A method for operating a communication network 
comprising a plurality of first communication terminals, at 
least one second communication terminal, and a plurality of 
communication links, the method comprising the steps of: 

providing at least one node in the communication 
network, the at least one node comprising a plurality of 
communication paths, each for routing signals being 
communicated between a corresponding one of the first 
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communication terminals and the at least one second terminal, 
each communication path having a first end coupled to a 
respective first communication link and a second end coupled 
to a third communication link/ the at least one node also 
comprising a switch having a plurality of first terminals and 
a second terminal, each of the first terminals being coupled 
to a respective one of the second communication links, the 
second terminal being coupled to the third communication 
link; and 

within the at least one line node, 
detecting a failure in at least one of the 
communication paths; and 

in response to detecting a failure in a 
communication path, controlling the switch to couple a 
corresponding one of the second communication links to the 
third communication link, for providing an alternate route 
through those links for routing the signals.— 
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STATEMENT UNDER ARTICLE 19 (1) 

Claims 1-89 are now pending in this application* 
Claims 1-68 remain unchanged. Claims 69-89 have been added 
to provide Applicant with a more complete scope of 
protection . 

Support for the added Claims 69-89 is provided 
throughout the specification and drawings as originally 
filed. For example, Claims 69-83 and 89 are supported at 
least in Fig. 3 and the accompanying description in the 
specification. Claims 84-87 are supported at least in Fig. 6 
and the accompanying description in the specification, and 
Claim 88 is supported at least in Figs. 2A and 2B and the 
accompanying description in the specification. 

It is believed that no fee is required for the 
filing of this paper and the addition of Claims 69-89. 
However, if any such fee is required, the Authorized Office 

is respectfully requested to contact Applicant's undersigned 
agent • 

Applicant's undersigned agent may be reached in our 
New York office by telephone at (212) 218-2100. All 
correspondence should continue to be directed to our address 
given below. 
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